I t has been 25 years since Congress passed the Women in Science and Technology Equal Opportunity Act, which declares it "the policy of the United States that men and women have equal opportunity in education, training, and employment in scientific and technical fields (1) ." Although there have been major advances, academic institutions are still not fully utilizing the pool of women scientists they have produced. The difference between the proportions of women who earn Ph.D.'s and those who are in faculty positions at top universities is clear in the biological and physical sciences, as well as in engineering (see table at right) .
Recently, much has been made of biological differences between men and women that might affect their representation in science. Although there is a substantive body of evidence indicating that overall intelligence does not differ between men and women, controversy persists as to whether specific aspects of cognitive ability differ (2, 3) . A recent debate by experts illuminates the issues and provides a summary of the literature in the field (4). We chose not to discuss these possible differences here for a number of reasons. First, there is no ideal constellation of cognitive abilities required to be a scientist. To be successful, scientists need deductive reasoning abilities, verbal skills, quantitative reasoning, intuition, and social skills. Men and women may differ, on average, in some of these abilities, but that is not a basis on which we can predict success because different mixtures lead to diverse, yet successful, approaches and styles in science. Second, there is no convincing evidence that women's representation in science is limited by innate ability. Between 1970 and 2003 (a time too brief for observable changes in innate ability), there was a 30-fold increase in the proportion of Ph.D.'s granted to women in engineering. This was a time in which attitudes and laws pertaining to gender changed dramatically, which provides strong evidence of the cultural and structural impediments to women. In this Policy Forum, we focus on the cultural issues that manifest in the behaviors of individuals and the policies of institutions because these factors make a difference and can be changed.
Moral and legal imperatives to ensure equal opportunity provide sufficient reasons to examine the causes of the disparities and to attempt to rectify them. Equally compelling is the impact that equity will have on the quality of our universities and the competitiveness of our nation. Heterogeneity among students, faculty, and staff strengthens universities in fundamental ways (5, 6) . Heterogeneous groups design more innovative solutions to problems than do homogeneous ones (6, 7) and bring a higher level of critical analysis to decisions (6, 8) . Furthermore, institutions that welcome women foster more favorable working environments for all community members (9) .
The National Science Foundation (NSF) founded the ADVANCE Institutional Transformation Program (10) to analyze the impact of interventions on advancement of women in science. Many universities have launched initiatives to enhance hiring, promotion, and productivity of women scientists, including Harvard University, which recently committed $50 million to this effort (11) . Initial results from the NSF ADVANCE sites and other universities suggest several strategies that appear to work (6). Detailed documentation can be found in the supporting online material.
Barriers and Strategies to Overcome Them
The pipeline. The low number of women trained in certain fields is partially to blame for the paucity of women on the faculty. Nevertheless, many fields continue to suffer a faculty gender imbalance even though women compose from onequarter to almost half of their graduating doctoral candidates (see table) . Superb women scientists may not pursue academic careers simply because they are not encouraged to do so, question whether they have what it takes to be successful, or lack female role models who would help them envision themselves as faculty. Well-meaning advisers may interpret women's hesitation and concerns as disinclination and may fail to press their women students to consider academic careers. Explicit encouragement of outstanding doctoral candidates to enter the professoriate will help close the gap. Programs designed to prepare students to be faculty, such as those offered by many professional societies, universities, and
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Jo Handelsman, 1,2 * Nancy Cantor, 3 Molly Carnes, 2,4 Denice Denton, 5 Eve Fine, 2 Barbara Grosz, 6 Virginia Hinshaw, 7 private organizations (6), can provide access to role models and may inspire confidence and commitment (12) . To keep women moving through the pipeline to the senior ranks, they need sound advice about how best to invest their time as junior faculty. Women, more often than men, are asked to provide campus service on committees, as speakers, and as advisers to students (13) . To assist junior faculty in managing pretenure activities, Georgia Tech ADVANCE Professor Jane Ammons developed a "speed mentoring" workshop in which junior faculty members consult for 15 to 20 minutes with each of four experienced tenure case reviewers who identify gaps and offer suggestions for strengthening the tenure case.
Climate. Many women attribute their exit from the academy to hostility from colleagues and a chilly campus climate (14) . This atmosphere is invisible to many men, who typically describe a better climate for women than women report experiencing, as indicated by faculty surveys at MIT, Princeton, the University of Michigan, and the University of Wisconsin (6). Campuswide programs to educate members of the community can identify and help eliminate discrimination in hiring and promotion, sexual harassment, and other illegal behaviors (6, 15) . Faculty members can assist by becoming educated about these behaviors and then taking steps to discourage them, including supporting women who voice concerns about illegal behavior.
Far more pervasive are the subtle effects of exclusion from the department community and its decision-making processes and the slights, ridicule, and attention to women's sexuality in professional settings. Although these behaviors may seem innocuous in isolation, the cumulative effect can be devastating (6, 16) . University administrators can set a campus standard in fostering inclusivity. Programs to train department chairs to recognize and combat the isolation experienced by women may transform local environments. The University of Michigan's ADVANCE program developed an interactive theater program that portrays typical academic situations and engages academic audiences in discussion that helps them recognize interpersonal behaviors that affect climate (6).
Unconscious bias. People who are committed to egalitarian principles and believe that they are not biased may nevertheless unconsciously or inadvertently behave in discriminatory ways (6, (17) (18) (19) . When evaluators rated writing skills, resumes, journal articles, and career paths, they gave lower ratings on average if they were told that the subject of evaluation was a woman (6). A study of postdoctoral fellowships awarded by the Medical Research Council of Sweden found that women candidates needed substantially more publications to achieve the same competency rating as men (18) . On the basis of results in other fields, it might be wise for scientists to consider ways to mask applicant gender. For example, introducing a screen to obscure the gender of musicians auditioning for symphony orchestra positions increased the likelihood that a woman was selected by 30 to 60% (20) .
A number of interventions undertaken through the ADVANCE programs are predicated on the supposition that unconscious bias can be redressed by awareness. The University of Wisconsin-Madison has designed workshops to train search committees in good search methods and to sensitize them to bias (6). In these workshops, faculty members are encouraged to recruit women by deliberate action to overcome unconscious biases and to cultivate professional relationships with promising women scholars at professional meetings. Martell (21) showed that sex bias emerged when evaluators were under time pressure and distracted. Consequently, the search committee training includes reminding participants of the time required to conduct a thorough review and encouraging them to devote sufficient time to the evaluation of each individual to prevent assumptions from substituting for data. Georgia Tech has developed a Web-based computer instrument, Awareness of Decisions in Evaluating Promotion and Tenure (ADEPT), to aid promotion and tenure committee members, chairs, and deans to understand biases related to gender, race and/or ethnicity, disability, and interdisciplinarity. It consists of a downloadable application that contains case studies and summaries of scholarly research on bias and other materials to provoke discussion (6).
Balancing family and work. The responsibilities for family caretaking (for children and aging parents) continue to fall disproportionately on women (6). Young women can be encouraged by meeting or reading about prominent women scientists who have families and by learning about academic programs designed to reduce the conflicts between personal and professional life, including dual-career hiring programs, tenure clock extensions for childbirth and adoption, and on-campus lactation rooms and child care facilities. All members of the university community can advocate for such programs and can provide flexibility for colleagues with family responsibilities.
Conclusion
Institutional transformation necessitates collective examination of attitudes and the behaviors they spawn, which can be disqui-eting, because it requires engagement with issues of life-style, reproduction, hiring, and academic customs. Most uncomfortable is the discovery that we all harbor unconscious biases that can shape our behavior. Essential to the process is individual ownership of the blueprint for change. Strategies for this blueprint exist and are being tested, but systemic change can only be fostered if propelled by a vigilant and widespread campaign launched by tenacious women and men at all levels (6), and advocated by prominent leaders of our universities (22) . Only such a campaign will fulfill the promise of the Science and Technology Equal Opportunities Act and will create a scientific community reflective of the pluralist society that supports it.
